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Description 

[0001] The present invention relates to an autostere- 
oscopic display apparatus comprising means for pro- 
ducing a display whicin comprises an array of display 
pixels arranged in rows and columns, and an array of 
elongate lenticular elements extending parallel to one 
another overlying the display pixel array and through 
which the display pixels are viewed. 
[0002] Examples of such autostereoscopic display 
apparatus are described in the paper entitled "Multiview 
3D-LCD" by C. van Berkel et al in SPIE Proceedings, 
Vol. 2653, 1 996, pages 32-39, and in GB-A-21 961 66. In 
these apparatus, a matrix display device comprising a 
LC (liquid crystal) display panel having a row and col- 
umn array of display elements and acting as a spatial 
light modulator produces the display. The lenticular el- 
ements are provided by a lenticular sheet, whose lenti- 
cules, comprising elongate (semi) cylindrical lens ele- 
ments, extend In the column direction of the display pan- 
el, parallel to the display element columns, with each 
lenticule overlying a respective group of two, or more, 
adjacent columns of display elements. Commonly in 
such apparatus, the LC matrix display panel is of a con- 
ventional form, comprising regularly spaced rows and 
columns of display elements, as used in other types of 
display applications, e.g. computer display screens. In 
EP-A-0625861, further examples of autostereoscopic 
display apparatus are described which use LC matrix 
display panels having non-standard display element 
lay-outs in which adjacent display elements are ar- 
ranged in groups with the display elements in a group 
being arranged so as to be substantially contiguous with 
one another in the row direction. There is also described 
in this specification an example of a projection appara- 
tus using such panels in which an image of the display 
element array is projected magnified onto a screen and 
in which the lenticular sheet is associated with the 
screen. 

[0003] Considering a direct-view type of apparatus, 
then the display pixels forming the display are constitut- 
ed by the display elements of the display panel. In an 
arrangement in which, for example, each lenticule is as- 
sociated with two columns of display elements, the dis- 
play elements in each column provide a vertical slice of 
a respective 2D (sub-)image. The lenticular sheet di- 
rects these two slices and corresponding slices from the 
display element columns associated with the other lent- 
icules, to the left and right eyes respectively of a viewer 
in front of the sheet so that the viewer perceives a single 
stereoscopic image. In other, multi-view, arrangements 
in which each lenticule is associated with a group of four 
or more adjacent display elements in the row direction 
and in which corresponding columns of display ele- 
ments in each group are arranged appropriately to pro- 
vide a vertical slice from a respective 2-D (sub-) image, 
then as a viewer's head is moved a series of successive, 
different, stereoscopic views are perceived creating, for 



example, a look-around impression. Similar stereoscop- 
ic effects are obtained with a projection apparatus ex- 
cept that in this case the display pixels forming the dis- 
play, on the screen, are constituted by projected images 

5 of the display elements. 

[0004] The use of a matrix display panel in conjunc- 
tion with a lenticular screen whose lenticules extend par- 
allel to the display element columns provides a simple 
and effective way of achieving a 3-D display. However, 

10 for a standard type of display panel having a given 
number of display elements in a row then in order to pro- 
vide a plurality of views in the 3D display, horizontal dis- 
play resolution is necessarily sacrificed. For example, 
with a display panel having an array of 800 columns and 

15 600 rows of display elements (each of which display el- 
ements may comprise a colour triplet if a full colour dis- 
play is required) then for a four view system providing 
three stereo pairs at a fixed viewing distance the result- 
ing display would have a resolution of only 200 in the 

20 horizontal, row, direction and 600 In the vertical, column, 
direction for each view. Thus, the stereoscopic images 
as seen by the viewer each have a comparatively high 
vertical resolution but only a comparatively small hori- 
zontal resolution. The substantial difference between 

25 vertical and horizontal resolution capabilities is, of 
course, undesirable. 

[0005] It is an object of the present invention to pro- 
vide an improved autostereoscopic display apparatus. 
[0006] According to the present invention, there is 

30 provided an autostereoscopic display apparatus com- 
prising display means comprising an array of display el- 
ements arranged in rows and columns substantially per- 
pendicular to the rows, the display means being opera- 
ble to produce a display output comprising display pixels 

35 corresponding to the display elements, and an array of 
elongate lenticular elements extending parallel to one 
another overlying the display pixel array and through 
which the display pixels are viewed, characterised in 
that the lenticular elements are slanted at an angle to 

40 the display pixel columns so as to define repeating 
groups of display pixels each of which groups is consti- 
tuted by adjacent display pixels in r adjacent rows where 
r is a number greater than one and the angle of slant of 
the lenticular elements is substantially equal to tan-"" 

45 (Hp/(Vp.r)) where Hp and Vp are the pitches of the display 
pixels in the row and column directions respectively. 
With this arrangement, the number of views to be ob- 
tained need not involve a trade-off against horizontal 
resolution capability alone. Through slanting the lenticu- 

50 lar elements some of the reduction in horizontal resolu- 
tion which would otherwise be required is transferred to 
the vertical resolution and it becomes possible to use 
both vertical and horizontal resolution to increase the 
number of views displayed with the penalty for obtaining 

55 a plurality of views shared between the horizontal and 
vertical resolution rather than being borne solely by the 
horizontal resolution. Thus, compared with the known 
examples of apparatus using a conventional type of dis- 
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play panel, having a standard row and column display 
element lay out and lenticular elements extending par- 
allel to the columns, which results in the number of views 
obtained being limited if adequate horizontal resolution 
is maintained, the extent of reduction in horizontal res- 
olution needed in order to provide a certain number of 
views is reduced at the expense of some vertical reso- 
lution. 

[0007] The apparatus may be a direct view type of a 
display apparatus or an image projection type of display 
apparatus in which a magnified image is projected onto 
a display screen by means of a projection lens. In a pre- 
ferred embodiment, the means for producing the display 
comprises a matrix display panel, preferably a liquid 
crystal matrix display panel having a row and column 
array of display elements, each of which provides a dis- 
play pixel. In a direct view apparatus, the display pixels 
forming the display to be viewed are thus constituted by 
the display elements of the panel and in this case the 
array of lenticular elements is disposed over the output 
side of the display panel. In a projection display appa- 
ratus, the display pixels forming the display to be viewed 
comprise projected images of the display elements of 
the matrix display panel and the array of lenticular ele- 
ments is in this case disposed over the viewing side of 
the display screen. In a projection apparatus, the display 
pixels may alternatively comprise a projected image 
from another kind of display device, for example, a CRT. 
[0008] An important advantage of the invention is that 
it allows a conventional form of LC matrix display panel, 
having regularly spaced, aligned, rows and columns of 
display elements, to be used. In particular, changes to 
the display element lay-out are not required. In EP-A- 
0625861 an example apparatus is described in which 
the number of 2D views for a 3D frame is increased at 
the expense of vertical resolution but this is achieved 
using a display panel in which adjacent display elements 
in a group are staggered vertically, i.e. in the column di- 
rection. The display element lay-out is thus unusual and 
consequently standard kinds of display panels, as used 
in other applications, could not be utilised. Moreover, the 
manner of the display element lay-out results in less ef- 
ficient use of the panel area with less light throughput 
[0009] A further important advantage of the invention 
is that the extent of unwanted display artefacts due to 
the presence of black matrix materials extending in gaps 
between the display elements in the matrix display panel 
is reduced. Such black matrix material bordering the dis- 
play elements is used in LC display panels to enhance 
contrast and also, in the case of active matrix type pan- 
els, to shield the switch elements, e.g. TFTs. Because 
it extends vertically between adjacent columns of dis- 
play elements, this material is imaged by the lenticular 
screen in a conventional arrangement which a viewer 
perceives as black bands between adjacent 2D views. 
In the arrangement of the invention then because the 
lenticular elements do not extend parallel to the columns 
of display elements, and hence parallel to the vertical 



strips of black matrix material between the columns, the 
visibility of the black mask in the perceived display is 
reduced. 

[0010] Although the matrix display panel preferably 

5 comprises an LC display panel, it is envisaged that other 
kinds of display panels could be used, for example elec- 
troluminescent or gas plasma display panels. 
[0011] In a particularly preferred embodiment, r is 
equal to 2. The extent of overlap between views is then 

10 minimised. 

[0012] The pitch of the lenticular elements need not 
correspond to a whole number of display pixels in the 
row direction. The pitch of the lenticular elements should 
preferably be at least 114 times the pitch of the display 

15 pixels in the row direction in order to obtain three or more 
views. In particularly preferred embodiments, the pitch 
of the lenticular elements is equal to 2 14 or 3 14 times 
the pitch of the display pixels in the row direction, pro- 
viding a five view and a seven view system respectively. 

20 In these, a better balance between horizontal and ver- 
tical resolution is achieved while reasonable numbers 
of views are obtained. 

[001 3] The lenticular elements may have a cross-sec- 
tion which comprises part of a circle. Such lenticular el- 
25 ements are easy to produce. Alternative forms of len- 
ticular elements could be used. For example, the len- 
ticular elements could be formed of contiguous straight 
line portions. 

[0014] The autostereoscopic display apparatus can 

30 be a colour display apparatus in which different display 
pixels provide different colours. In the case of an LC ma- 
trix display panel, for example, a colour display is nor- 
mally achieved by means of an array of colour, red, 
green and blue, filters overlying and aligned with the ar- 

35 ray of display elements. Typically, the colour filters are 
arranged as strips extending parallel to the display ele- 
ment columns so that three adjacent columns of display 
elements are associated with red, green and blue filters 
respectively, the pattern being repeated across the ar- 

40 ray so that every third column displays the same colour, 
for example, red. However, the use of such a colour pixel 
lay-out can give rise to undesirable display artefacts, in 
the form of visible horizontal or diagonal colour stripes. 
Preferably, therefore, in order to reduce the visibility of 

45 such stripes, the colour pixels are arranged so as to pro- 
duce colour pixel triplets, each comprising a red, green 
and blue display pixel, having a delta configuration. In 
one preferred embodiment of the colour display appa- 
ratus using a colour matrix display panel, all the display 

50 pixels in a row are arranged to display the same colour 
and three adjacent rows of display pixels each display 
a respective one of the colours red, green and blue. 
Thus, for example, successive rows of pixels display 
red, green, blue, red, green, blue, etc. As a result, the 

55 aforementioned problems with visible colour stripes are 
reduced. In an LC colour display panel, this is achieved 
simply by arranging the colour filters in strips extending 
in the row direction rather than the column direction as 
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usual. 

[0015] In another preferred embodiment of the colour 
display apparatus, using a colour matrix display panel, 
the display pixels underlying a respective lenticular ele- 
ment are all of the same colour and the display pixels 
underlying each of three adjacent lenticular elements 
are arranged to display a respective one of the colours 
red, green and blue. Thus, for example, each row of dis- 
play pixels comprises successive groups of red, green 
and blue display pixels, the display pixels in each group 
underlying a respective lenticular element. Because of 
the slant of the lenticular elements with respect to the 
pixel columns, the groups of colour display pixels in cer- 
tain rows, for example every third row, are offset in the 
row direction with respective to the groups in an adja- 
cent row. This kind of colour pixel lay-out offers two fur- 
ther advantages. Firstly, colour triplets, each comprised 
of a red, a green and a blue display pixel, in adjacent 
views are made to interlock so that at positions where, 
due to cross-talk, the eye sees two views simultaneous- 
ly, the colour triplet pitch is in effect halved. Secondly, 
implementations of the colour filter arrangements in an 
LC matrix display panel are such that display elements 
of the same colour are grouped together and this group- 
ing allows a relaxation in the necessary alignment ac- 
curacy between the black mask and the colour filter ar- 
ray, which improves manufacturing yield, without de- 
creasing the display element aperture. 
[0016] Embodiments of autostereoscopic display ap- 
paratus in accordance with the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which:- 

Figure 1 is a schematic perspective view of an em- 
bodiment of autostereoscopic display apparatus 
according to the invention using a matrix display 
panel; 

Figure 2 is a schematical plan view of a typical part 
of the display element array of the display panel il- 
lustrating an example arrangement of the lenticular 
elements in relation to the display elements for pro- 
viding a six view output; 

Figure 3 is similar to Figure 2 but illustrates an ar- 
rangement of the lenticular elements in relation to 
the display elements for providing a seven view out- 
put; 

Figure 4A is a plan view schematically illustrating 
the relationship between display elements and len- 
ticular elements for a part of the display element ar- 
ray in an embodiment of the apparatus for produc- 
ing a full colour, seven view display output; 
Figure 4B shows the colour pixels seen by one eye 
of a viewer in the embodiment of Figure 4A when in 
a position corresponding to a particular view; 
Figure 4C is a vector diagram showing various col- 
our pixel pitches perceived by the eye present in the 
arrangement of Figures 4A and 48; 
Figure 5A illustrates the relationship between dis- 



play elements and lenticular elements, in similar 
manner to that of Figure 4A, in another embodiment 
of a full colour display apparatus; 
Figures 58 and 5C are diagrams corresponding to 
5 Figures 4A and 48 in the case of the embodiment 
of Figure 5A; 

Figure 6A illustrates the display element - lenticular 
element relationship in a further embodiment of a 
full colour display apparatus; 
10 Figure 68 shows an example of the colour pixels 
visible to a viewer's eye in the embodiment of Figure 
6A for comparison with Figures 48 and 58; and 
Figure 7 is a schematic plan view of another em- 
bodiment of the invention providing a projected dis- 
15 play. 

[0017] It should be understood that the Figures are 
merely schematic and are not drawn to scale. In partic- 
ular, certain dimensions may have been exaggerated 
20 whilst other dimensions may have been reduced. It 
should also be understood that the same reference nu- 
merals are used throughout the Figures to indicate the 
same or similar parts. 

[0018] Referring to Figure 1, the apparatus, which in 

25 this embodiment is a direct - view type, includes a con- 
ventional LC matrix display panel 10 used as a spatial 
light modulator and comprising a planar array of individ- 
ually addressable, and similarly sized, display elements 
12 arranged in aligned rows and columns perpendicu- 

30 larly to one another. The display elements are shown 
schematically with only a comparatively few in each row 
and column. In practice, however, there may be around 
800 columns (or 2400 columns if colour, R,G,8 triplets 
are used to provide a full colour display) and 600 rows 

35 of display elements. Such panels are well known and 
will not be described here in detail. Briefly, however, the 
LC panel has two spaced transparent plates, for exam- 
ple of glass, between which twisted nematic or other LC 
material is disposed, and which carry on their facing sur- 

40 faces patterns of transparent electrodes, e.g. of ITO, 
that determine the lay-out and shape of the display ele- 
ments, each element comprising opposing electrodes 
on the two plates with intervening LC material. Polaris- 
ing layers are provided on the outer surfaces of the 

45 plates as usual. The display elements 12 are substan- 
tially rectangular in shape and are regularly spaced from 
one another with the display elements in two adjacent 
columns being separated by a gap extending in column, 
vertical, direction and with the display elements in two 

50 adjacent rows being separated by a gap extending in 
the row, horizontal, direction. Preferably, the panel 10 is 
of the active matrix type in which each display element 
is associated with a switching element, comprising for, 
example, a TFT or a thin film diode, TFD, situated adja- 

55 cent the display element. To accommodate these devic- 
es, the display elements may not be completely rectan- 
gular. As is usual, the gaps between the display ele- 
ments are covered by a black mask comprising a matrix 
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of light absorbing material carried on one, or both, plates 
which separates the display elements. 
[0019] The display panel 10 is illuminated by a light 
source 14, which In this example comprises a planar 
back-light extending over the area of the display ele- 
ment array. Other kinds of light source could alternative- 
ly be used. Light from the light source 14 is directed 
through the panel with the individual display elements 
being driven, by appropriate application of drive voltag- 
es, to modulate this light in conventional manner to pro- 
duce a display output. The array of display pixels con- 
stituting the display produced thus corresponds to the 
display element array, each display element providing a 
respective display pixel. 

[0020] Over the output side of the panel 10 there is 
disposed a lenticular sheet 15 which extends substan- 
tially parallel to the plane of the display panel and which 
comprises an array of elongate, parallel, lenticular ele- 
ments, i.e. lenticules, acting as optical director means 
to provide separate images to a viewer's eyes, for pro- 
ducing a stereoscopic display to a viewer facing the side 
of the sheet 1 5 remote from the panel 1 0. The lenticules 
of the sheet 15 comprise optically cylindrically converg- 
ing lenticules, for example formed as convex cylindrical 
lenses or graded refractive index cylindrical lenses. 
Autostereoscopic display apparatus using lenticular 
sheets in conjunction with matrix display panels are well 
known and it is not thought necessary to describe here 
in detail the manner of their operation. Examples of such 
apparatus and their operation in producing stereoscopic 
images are described in the aforementioned paper by 
C. van Berkel et al, in GB-A-2196166 and in EP-A-0625 
861 whose disclosures in this respect are incorporated 
herein by reference. Preferably, the lenticular array is 
provided directly on the outer surface of the output side 
plate of the panel 1 0. Unlike the lenticules in the known 
arrangements, which extend parallel to the display pixel 
columns (corresponding to the display element col- 
umns), the lenticules in the apparatus of Figure 1 are 
arranged slanted with respect to the columns of display 
pixels, that is, their main longitudinal axis is at an angle 
to the column direction of the display element array. 
[0021] The pitch of the lenticules is chosen in relation 
to the pitch of the display elements in the horizontal di- 
rection according to the number of views required, as 
will be described, and each lenticule, apart from those 
at the sides of the display element array, extends from 
top to bottom of the display element array. Figure 2 il- 
lustrates an example arrangement of the lenticules, 1 6, 
in combination with the display panel for a typical part 
of the display panel. The longitudinal axis L of the lent- 
icules, 1 6, is slanted at an angle a to the column direc- 
tion, Y. In this example, the longitudinal axes of the par- 
allel lenticules are of such a width with respect to the 
pitch of the display elements in a row and are slanted at 
such an angle with respect to the columns of display el- 
ements as to provide a six view system. The display el- 
ements 12 are again indicated by simple rectangles. 



representing the effective aperture of the display ele- 
ments and thus the display pixels, and the regions be- 
tween the display elements are covered by the black 
mask material 1 8 in a grid pattern. The size of the gaps 

5 between adjacent display elements shown in Figure 1 
is shown greatly exaggerated. The display elements 12 
are numbered (1 to 6) according to the view -number to 
which they belong. The individual, and substantially 
identical, lenticules 16 of the lenticular sheet 15 each 

10 have a width which corresponds approximately to three 
adjacent display elements in a row, i.e. the width of three 
display elements and their intervening gaps. Display el- 
ements of the six views are thus situated in groups com- 
prising display elements from two adjacent rows, three 

15 in each row. 

[0022] The individually operable display elements are 
driven by the application of display information in appro- 
priate manner such that a narrow slice of a 2D image is 
displayed by selected display elements under an asso- 

20 ciated lenticule. The display produced by the panel com- 
prises six interleaved 2D sub-images constituted by the 
outputs from respective display elements. Each lenti- 
cule 16 provides six output beams from the associated 
underlying display elements with view-numbers 1 to 6 

25 respectively whose optical axes are in mutually different 
directions and angularly spread around the longitudinal 
axis of the lenticule. With the appropriate 2D image in- 
formation applied to the display elements and with a 
viewer's eyes being at the appropriate distance to re- 

30 ceive different ones of the output beams then a 3D im- 
age is perceived. As the viewer's head moves in the row 
direction then five stereoscopic images can be viewed 
in succession. Thus, a viewer's two eyes would see re- 
spectively, for example, an image composed of all dis- 

35 play elements "1 " and an image composed of all display 
elements "2". As a viewer's head moves, images com- 
prised of all display elements "2" and all display ele- 
ments "3" will be seen by respective eyes, then images 
comprised of all display elements "3" and all display el- 

40 ements "4", and so on. At another viewing distance, 
closer to the panel, the viewer may, for example, see 
views "1 " and "2" together with one eye and views "3" 
and "4" together with the other eye. 
[0023] The plane of the display elements 12 coincides 

45 with the focal plane of the lenticules 16, the lenticules 
being suitably designed and spaced for this purpose, 
and consequently position within the display element 
plane corresponds to viewing angle. Hence all points on 
the dashed line A in Figure 2 are seen simultaneously 

50 by a viewer under one specific horizontal (row direction) 
viewing angle, as are all points on the dashed line B in 
Figure 2 from a different viewing angle. Line A repre- 
sents a monocular viewing position in which only display 
elements from view "2" can be seen. Line B represents 

55 a monocular viewing position in which display elements 
from both view "2" and view "3" can be seen together. 
Line C in turn represents a position in which only display 
elements from view "3" can be seen. Thus, as the view- 
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er's head moves, with one eye closed, from the position 
corresponding to line A to line B and then line C a grad- 
ual change-over from view "2" to view "3" is experi- 
enced. When the viewer's eye moves, therefore, the im- 
age perceived does not flip or jump abruptly to the next 
but instead at a transition between the two images a 
merging effect occurs to give a smoother transition. Pro- 
vided the autostereoscopic display contains enough 
views this effect will enhance the perception on the dis- 
play of "solid" objects rather than merely a collection of 
"flipping" views. To the viewer, the gradual change In 
successive views experienced gives the impression of 
enhanced continuous parallax. The change-over from 
one view to another is dependent on the actual display 
element lay-out and the aperture ratio between open 
display element area and the black mask area. Because 
the lenticules 16 are spaced from the plane of the dis- 
play elements 12 then the whole of the underlying dis- 
play elements will be visible through the lenticule even 
though some of the display elements, such as those 
constituting view 6, appear to lie on the border between 
two lenticules. 

[0024] With this slanting lenticule arrangement, there- 
fore, it is seen that a number of different views are ob- 
tainable but not solely at the expense of horizontal res- 
olution as in the known apparatus in which the lenticules 
extend parallel to the display element columns. Instead 
the inevitable reduction in resolution is shared more 
evenly between both horizontal and vertical resolution. 
In the six view arrangement of Figure 2, for example, 
producing a monochrome display output horizontal res- 
olution is reduced by a factor of three and the vertical 
resolution is halved. With a conventional apparatus, 
then a six view system would reduce horizontal resolu- 
tion by a factor of six while vertical resolution would be 
unaffected. This advantage is achieved without resort- 
ing to a customised display panel having an unusual dis- 
play element formation and the display panel 1 0 can be 
a standard type used for other, ordinary viewing, display 
applications, such as display screens for notebook com- 
puters and the like, and available off-the-shelf. 
[0025] An additional advantage of this arrangement Is 
that because the lenticules do not extend parallel to the 
continuous vertical strips of black mask material 18 be- 
tween adjacent columns of display elements, the visibil- 
ity of these strips to a viewer Is reduced and the kind of 
problems experienced with conventional apparatus, in 
which such strips are Imaged by the lenticules to appear 
as black bands separating successive different views as 
a viewer's head moves, are avoided. 
[0026] The slanting lenticule arrangement can be ap- 
plied to both monochrome and colour displays. Consid- 
ering, for example, the six-view scheme of Figure 2 ap- 
plied to an LC display panel in which a colour microfllter 
array is associated with the display element array and 
arranged with the colour filters running In horizontal 
R-G-B column triplets (i.e. with three successive col- 
umns of display elements displaying red, green and blue 



respectively), then if the view "1 " display elements In the 
second row are red, then the view "1" display elements 
of the fourth row will be green. A similar situation occurs 
for the other views. Hence each view will have coloured 

5 rows which means that for a colour display the vertical 
resolution is one third of that of a monochrome display. 
[0027] In an example embodiment of the apparatus a 
colour LC display panel having a resolution of 2400 dis- 
play elements (800 x 3 colour triplets) horizontally and 

10 600 display elements vertically was used. The horizon- 
tal triplet pitch was 288|Lim (96|Lim per display element) 
and the display element vertical pitch was 288 |Lim. The 
width and slant angle of the lenticules 16 are determined 
by the size and pitch of the display elements and the 

^5 number of views required. For a six - view scheme as 
shown in Figure 2, the slant angle, a, of the lenticules, 
that Is the angle between the longitudinal axis of the lent- 
icule and the vertical, is given by a= tan-"" (96/(2x288) = 
9.46°. Normally, the lenticular lens magnification would 

20 be determined by the requirement that the display ele- 
ments corresponding to adjacent views are projected in- 
to the left and right eyes of the viewer. Assuming an in- 
tra-ocular distance of 65mm, the magnification, m, then 
required would be 1354. However, there is a minimum 

25 separation distance, L, between the lenticules and the 
display elements which is determined by the thickness, 
t, of the glass plate (including the polarising layer) of the 
panel. Assuming this distance is around 1 .5mm and that 
the refractive Index, n, of the glass plate Is 1 .52 then the 

30 working distance D, that is the distance of a viewer's 
eyes from the lenticular sheet and given by m.t/n, would 
be around 1.34m which Is undesirably large. For this 
reason, a requirement that only the next nearest neigh- 
bour views be magnified to the Interocular distance was 

35 chosen consequently halving the magnification from 
1354 to 677. Through this, the working distance D was 
reduced to 67cm. The pitch of the lenticules perpen- 
dicular to their longitudinal axis, i.e. the pitch at which 
the mould has to be cut, works out at |Lip 283.66|Lim. The 

40 lens focal length, f, (given by D/(m+1)) is then 0.99mm 
and Its radius of curvature, R, given (in the paraxial ap- 
proximation) by R = f. (n-1) becomes 0.48mm, using a 
refractive Index value of 1 .483. 

[0028] The resolution obtained for each view in this 
45 six-view scheme using an 800 (triplet) by 600 display 
element array is 800 horizontal and 100 vertical. This 
compares with a resolution of 133 horizontal and 600 
vertical per view obtained in a conventional arrange- 
ment using the same display panel together with lenti- 
go cules extending parallel to the display element columns. 
[0029] In another example embodiment, providing an 
8 - view system, and using the same display panel, the 
lenticules are slanted at the same angle as before (I.e. 
9.46°) but have a 331/3% larger pitch and cover four dis- 
ss play elements on each row. Display elements of the 8 
views are thus situated in groups comprising display el- 
ements from two adjacent rows, four in each row. Each 
lenticule 16 in this case provides eight output beams 
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from the underlying display elements whose optical ax- 
es are in mutually different directions and angularly 
spread around the longitudinal axis of the lenticule. The 
resolution for each view obtained in this 8 view arrange- 
ment is then 400 horizontal and 150 vertical, compared 
with 100 horizontal and 600 vertical in the conventional 
apparatus. 

[0030] While in the 6 and 8 view arrangements the 
horizontal resolution is increased considerably, the ver- 
tical resolution is rather poor. This situation can be sig- 
nificantly improved, however, in the following way. Each 
lenticule need not overlie and cooperate optically with a 
whole number of adjacent display elements in a row. In 
further, preferred, embodiments, again using the same 
display panel, the lenticules are designed such that, 
rather than covering 3 or 4 display elements on each 
row as in the above - described arrangements, they in- 
stead cover 2 14or 3 Vi display elements, that is, the pitch 
of the lenticular elements corresponds to 214 and ZVi 
times the pitch of the display elements in the row direc- 
tion, to provide a 5-view and a 7-view system respec- 
tively. In these, the output beams, 5 or 7, provided by 
each lenticule from the underlying display elements 
have optical axes which are in mutually different direc- 
tions and spread angularly around the longitudinal axis 
of the lenticule. The arrangementforthe seven view sys- 
tem is shown in Figure 3. As before, the display ele- 
ments are numbered according to the view number to 
which they belong and the dashed lines A, B and C in- 
dicate simultaneously - viewed points for respective dif- 
ferent horizontal viewing angles. As can be seen, the 
view numbers under each lenticule 16 are not repeated 
along the display row (as was the case in the Figure 2 
arrangement) but are offset by one row between adja- 
cent lenticules. This kind of arrangement provides an 
improved balance between resulting horizontal and ver- 
tical resolution. This principle could be extended to lent- 
icules covering, for example, 2V3 or 2>k display ele- 
ments and down to a minimum of V/i display elements, 
providing 3 views. 

[0031] Using again an 800 by 600 display panel with 
the display elements arrayed in aligned row and col- 
umns, the resolution obtained per view in the five and 
seven view schemes described above would be 480 by 
200, and 342 by 200 respectively. These compare with 
1 60 by 600, and 1 1 4 by 600, respectively using the same 
panel but with the lenticules arranged conventionally in 
parallel with the columns. Thus, a significant improve- 
ment in horizontal resolution is achieved while still main- 
taining reasonably high vertical resolution. 
[0032] In all the above examples, the slant angle, a, 
of the lenticules is the same namely 9.46°, and the 
number of display element rows, r, utilised in each group 
of display elements is two. The slant angle can, howev- 
er, be varied. This angle is determined by the expression 
a= arctan ((Hp/(Vp.r)) where Vp and Hp are respectively 
the vertical pitch and horizontal pitch of the display ele- 
ments in the display panel. Assuming their values are 



as described earlier, then for r equal to 3 or 4 the slant 
angle a becomes 6.34° and 4.76° respectively. Howev- 
er, as the slant angle decreases the overlap between 
the views increases. 

5 [0033] Colour LC display panels for datagraphic dis- 
play applications commonly use a colour pixel lay-out in 
which each colour pixel comprises three (red, R, green, 
G, and blue, B) adjacent (sub-) pixels in a row constitut- 
ing a horizontal RGB triplet. Such a colour pixel layout 

^0 is formed using vertical colour filter stripes such that the 
display elements of the panel are arranged in respec- 
tive, R, G and B, columns in repeating fashion. When 
using a slanted lenticule arrangement with a colour dis- 
play in which the pixels are arranged in colour triplets in 

^5 this manner, the layout of the colour pixel triplets that 
the eye perceives in each view can be such that the pixel 
pitch in one direction, for example horizontally, is much 
larger than the pixel pitch in the perpendicular, i.e. ver- 
tical, direction and this can give rise to visible colour 

20 stripes running, in the case for example of the 5 or 7 
view system, diagonally, or in the case for example of 
the 6 view system, horizontally across the display. 
[0034] Figure 4A illustrates a 7 - view system, similar 
to that of Figure 3, using this common type of colour LC 

25 display panel in which the display (sub-)elements 12, 
and hence display pixels, are arranged in columns of a 
respective colour. As before, the slanted lines indicate 
the boundaries between adjacent lenticules, 16. Individ- 
ual pixels, represented as rectangles, are arranged on 

30 a square grid in horizontal triplets, each such square tri- 
plet comprising three adjacent, red, r, green, g, and blue, 
b, (sub-)pixels constituting a full colour pixel. The num- 
bers (1 to 7) and the letters r, g, b denote the view 
number and colour for each pixel. The array of lenticules 

35 is located approximately 1 .5mm above the plane of the 
LC cell. Assuming, by way of example, an SVGA, 1 1 .4 
inch LC colour display panel is used, the horizontal pixel 
pitch will be approximately 96 |Lim and the vertical pitch 
will be approximately 288 |Lim. 

40 [0035] Figure 4B illustrates what one eye of a viewer 
would see with this arrangement in a position corre- 
sponding to, for example, view 4, for a typical part of the 
display. From this position, the pixels marked "4" in Fig- 
ure 4A appear to fill the whole of their respective over- 

45 lying lenticule 16 and the lenticule portions lying over 
groups of pixels for the even number (0, 2, 4, 6) views 
appear black or dim. As is apparent from Figure 4B, the 
sub-pixels in view "4" are arranged in full colour pixels 
each comprising a triplet of three adjacent, differently- 

50 coloured, sub-pixels which run diagonally across the 
screen, two such triplets being indicated by the dashed 
lines. Figure 4C is a vector diagram showing various 
pitches as presented to the eye in this case. The colour 
pixel (triplet) pitch perpendicular to the colour filter 

55 stripes, indicated at Pj_ in Figure 4C, is 1440 iiim and 
the colour pixel pitch parallel to the colour stripes, P|| in 
Figure 4C, is 403 |iim. The colour pixel pitches and 
Py in the horizontal and vertical directions are 672 jiim 
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and 864 |Lim respectively, giving a reasonable pixel 
count of 343 x 200 in each view. The appearance of the 
display is, however, dominated by the comparatively 
large pitch PJ_, or, on the other hand, a comparatively 
small pitch P||, it being noted that the product of and 
P^ is equal to the product of P_L and P||. This pitch dis- 
tinction manifests itself as diagonally extending colour 
stripes. A similar effect appears in, for example, a five 
view system while for a six view system the compara- 
tively large perpendicular pitch manifests itself as hori- 
zontally running colour stripes. 

[0036] The problem can be avoided by re-arranging 

the colour filters, and thus the colour sub-pixel lay-out. 
Examples of apparatus with suitably re-arranged colour 
filters will now be described in relation to, again, a sev- 
en-view system embodiment as described above. It will 
be appreciated, however, that the principles are similarly 
applicable to the embodiments providing a different 
number of views. 

[0037] A simple approach to avoiding the above prob- 
lems is to re-arrange the colour filter stripes such that 
they extend in the row, rather than column, direction. 
The shape and count of individual sub-pixels need not 
be changed. The display elements in one row of the ar- 
ray of the LC display panel then all display the same 
colour with three adjacent display element rows display- 
ing R, G and B respectively, this colour sequence being 
repeated in successive groups of display element rows. 
A display panel with the colour pixels re-arranged in this 
manner is illustrated in Figure 5A in the case of a 7-view 
system like that of Figure 4A. Figure 5B shows, for com- 
parison with Figure 48, what a viewer perceives with 
one eye when in a position to see view "4". As can be 
seen, the row by row configuration of the colour filter 
provides full colour pixel triplets with a delta like config- 
uration, and organised vertically, in the views. Three 
such colour pixel triplets in a row are indicated in dashed 
outline in the upper half of Figure 58. The horizontal and 
vertical pitches P^ and P^, indicated by Figure 5C, are 
again 672 |am and 864 |Lim, giving a 343 x 200 resolution 
for each view. Because in this embodiment the triplets 
are of a delta configuration rather than elongate, the col- 
our components of the R, G, B triplet are located closer 
together and form a tighter group. The individual pixels 
thus become less distinguishable and unwanted visible 
display artefacts in the form of diagonal colour stripes 
are reduced. 

[0038] The appearance of the pixels in view "5" is in- 
dicated in the bottom half of Figure 58 by the primed 
letters r', g' and b'. At positions where, due to optical 
cross-talk, both views are seen simultaneously by one 
eye, the colour pixel triplets will be made up by r, g, and 
b sub-pixels lying directly below each other in the col- 
umn direction (one such triplet being indicated in dashed 
outline in the lower half of Figure 58) and the horizontal 
pitch is then effectively halved from 672 |Lim to 336 ^im. 
[0039] The situation for the other views obtained is 
similar. 



[0040] The use of such a colour pixel layout in, for ex- 
ample, the six-view arrangement of Figure 2 will have a 
generally similar effect in removing unwanted colour 
stripes. 

5 [0041] Adifferentway of re-arranging the colour filters 
to avoid the aforementioned problems with colour 
stripes is illustrated in Figure 6, again using a 7 - view 
system as example. In this embodiment, the display el- 
ements which either completely underlie, or at least 

10 whose greater portions underlie, a respective lenticule 
16 are made all of the same colour and three adjacent 
lenticules are associated with elements of respective 
different colours, (R, G and 8), the pattern being repeat- 
ed for other groups across the array. Thus, each row of 

15 display elements consists of a series of groups of adja- 
cent display elements of the same colour, the number 
in each group alternating between 3 and 4 in this case 
where 7 views are obtained, with the number of ele- 
ments in 2 adjacent groups corresponding to the 

20 number of views. Figure 68 shows the colour pixels 
seen by the eye of a viewer when in a position to see 
view "4" for comparison with both Figure 48 and Figure 
58. As in Figure 58, delta shaped colour triplets are pro- 
duced but in this case the delta shape triplets appearing 

25 in view "4" are rotated compared with those of Figure 
58 and the triplets are now organised horizontally rather 
than vertically and with adjacent triplets in the row direc- 
tion being inverted with respect to one another. Four 
such triplets are indicated in dashed outline in Figure 

30 68. Also as in Figure 58, the appearance of the pixels 
in view "5" are indicated in the lower half of the Figure 
by r', g' and b'. 

[0042] The horizontal and vertical pitches of the col- 
our triplets in this embodiment are 1 008 |Lim and 576 jiim 
35 respectively, and the view resolution is 228 (horizontal) 
by 300 (vertical). At the cross-talk positions, for example 
between views 4 and 5, the vertical pitch is halved to 
288 |Lim. 

[0043] As in the previous embodiment, then because 

40 the triplets are of delta configuration with their colour 
components forming a tighter group, individual pixels 
become less distinguishable and the visibility of colour 
stripes in the display is reduced. 
[0044] In halving the pitch of the colour triplets at po- 

45 sitions where, due to cross-talk, the eye sees two views 
simultaneously, as in the case of the embodiments of 
Figures 5A and 58 and Figures 6A and 68, then by virtue 
of the colour filters being appropriately arranged such 
that the colour triplets in adjacent views are made to in- 

50 terlock at those positions, the visibility of the R, G, 8 
colour components individually is further reduced so 
that the problem of colour stripes appearing to a viewer 
which run diagonally or horizontally across the display 
is further alleviated. 

55 [0045] A further advantage of suitably arranging the 
colour filters in the manners shown in Figures 5A and 
6A is that the re-arrangements are implemented in a 
way in which the red, green and blue sub-elements in 
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the LC display panel are arranged together in groups. If 
larger spacings are provided between adjacent groups, 
this grouping allows a relaxation of the alignment accu- 
racy between the black mask used in the LC display 
panel and the colour filter array which offers better man- 
ufacturing yields, without decreasing the aperture of in- 
dividual display (sub-)elements. 
[0046] While the matrix display panel in the above de- 
scribed embodiments comprises an LC display panel, it 
is envisaged that other kinds of electro-optical spatial 
light modulators and flat panel display devices, such as 
electroluminescent or plasma display panels, could be 
used. 

[0047] Also, while the lenticular elements associated 
with the display elements are in the form of a lenticular 
sheet, it is envisaged that they could be provided in other 
ways. For example, the elements could be formed in the 
glass plate of the display panel itself. 
[0048] The above - described embodiments provide 
direct - view displays. However, the autostereoscopic 
display apparatus may instead comprise a projection 
display apparatus. An embodiment of such apparatus, 
comprising a rear - projection apparatus, is shown in 
Figure 7. In this apparatus, a generated image is pro- 
jected by means of a projection lens 30 onto the rear of 
a diffuser projection screen 32. Over the front side of the 
screen 32, i.e. the side which a viewer faces, a lenticular 
sheet 35, comprising an array of parallel, elongate, len- 
ticular elements, is disposed. The image projected onto 
the screen is generated in this example by a matrix LC 
display panel 10 similar to that described previously 
which is illuminated with light from a light source 33 via 
a condenser lens. The projection lens projects images 
of the display elements of the display panel 1 0 onto the 
screen 32 so that a magnified image of the row and col- 
umn display element array composed of display pixels 
comprising enlarged images of the display elements in 
a corresponding array is produced on the screen. This 
display image consisting of display pixels, each consti- 
tuted by a projected image of a display element, is 
viewed through the lenticular sheet 35. The lenticular 
elements of the lenticular sheet 35 are arranged with 
respect to the display pixels, i.e. the images of the dis- 
play elements, on the screen as described previously, 
for example as shown in Figures 2 and 3, in slanting 
relationship with the columns of display element images 
on the screen, the rectangular blocks in Figures 2 and 
3 now representing, of course, the images of the display 
elements at the screen. 

[0049] Display devices other than an LC display pan- 
el, for example, a CRT, could be used instead to provide 
the projected display image comprising rows and col- 
umns of display pixels on the screen. 
[0050] In summary, therefore, there has been de- 
scribed an autostereoscopic display apparatus compris- 
ing means for producing a display consisting of display 
pixels in rows and columns, for example, an LC matrix 
display panel having a row and column array of display 



elements, and an array of parallel lenticular elements 
overlying the display, in which the lenticular elements 
are slanted with respect to the display pixel columns. 
The reduction in display resolution experienced in such 
5 apparatus, particularly in the case of a multi-view type 
display, is then shared between both horizontal and ver- 
tical resolution. 

[0051] From reading the present disclosure, other 
modifications will be apparent to persons skilled in the 
10 art. Such modifications may involve other features 
which are already known in the field of autostereoscopic 
display apparatus and component parts thereof and 
which may be used instead of or in addition to features 
already described herein. 

15 

Claims 

1. An autosteroscopic display apparatus comprising 
20 display means (10) comprising an array of display 

elements (12) arranged in rows and columns sub- 
stantially perpendicular to the rows, the display 
means being operable to produce a display output 
comprising display pixels corresponding to the dis- 

25 play elements, and an array (15) of elongate len- 
ticular elements (16) extending parallel to one an- 
other overlying the display pixel array and through 
which the display pixels are viewed, characterised 
in that the lenticular elements (16) are slanted at 

30 an angle to the display pixel columns so as to define 
repeating groups of display pixels each of which 
groups is constituted by adjacent display pixels in r 
adjacent rows where r is a number greater than one 
and the angle of slant of the lenticular elements is 

35 substantially equal to tan-^ (Hp/(Vp.r)) where Hp and 
Vp are the pitches of the display pixels in the row 
and column directions respectively. 

2. An autosteroscopic display apparatus according to 
40 Claim 1 , characterised in that the array (1 5) of len- 
ticular elements is disposed over the output side of 
the array of display elements (12). 

3. An autosteroscopic display apparatus according to 
45 Claim 1. characterised in that the apparatus in- 
cludes a projection lens (30) for projecting the im- 
ages of the display elements (12) onto a display 
screen (32) and in that the array of lenticular ele- 
ments is disposed over the viewing side of the dis- 

50 play screen. 

4. An autosteroscopic display apparatus according to 
any one of Claims 1 to 3, characterised in that the 
display elements of the display means comprise liq- 

55 uid crystal display elements. 

5. An autosteroscopic display apparatus according to 
any one of the preceding claims, characterised in 
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that the number r is equal to 2. 

6. An autosteroscopic display apparatus according to 
any one of the preceding claims, characterised in 
that the pitch of the lenticular elements is at least 
114 times the pitch of the display pixels in the row 
direction. 

7. An autosteroscopic display apparatus according to 
Claim 6, characterised in that the pitch of the len- 
ticular elements is 214 times the pitch of the display 
pixels in the row direction. 

8. An autosteroscopic display apparatus according to 
Claim 6, characterised in that the pitch of the len- 
ticular elements is 3;^ times the pitch of the display 
pixels in the row direction. 

9. An autosteroscopic display apparatus according to 
any one of the preceding claims, characterised in 
that the lenticular elements have a cross-section 
which is part of a circle. 

10. An autosteroscopic display apparatus according to 
any one of the preceding claims, characterised in 
that the display means comprises colour display 
means in which different display elements and their 
corresponding display pixels are of different col- 
ours. 

11. An autostereoscopic display apparatus according 
to Claim 10, characterised in that the colour dis- 
play pixels of the array are arranged as colour pixel 
triplets, each comprising a red, green and blue dis- 
play pixel, having a delta configuration. 

12. An autostereoscopic display apparatus according 
to Claim 10, characterised in that the display pix- 
els in a row are of the same colour and three adja- 
cent rows of display pixels each display a respective 
and different one of the three primary colours. 

13. An autostereoscopic display apparatus according 
to Claim 12, characterised in that the sequence of 
the colours of the three adjacent rows of pixels is 
repeated in all rows of pixels in the array. 

14. An autostereoscopic display apparatus according 
to Claim 10, characterised in that the display pix- 
els underlying, at least to a substantial extent, a re- 
spective lenticular element are of the same colour 
and the display pixels associated with each of three 
adjacent lenticular elements are of a respective and 
different one of the three primary colours. 

15. An autostereoscopic display apparatus according 
to Claim 14, characterised in that the sequence of 
colours associated with the three adjacent lenticular 
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elements is repeated for all lenticular elements over 
the display pixel array. 

16. An autostereoscopic display apparatus according 
5 to any one of Claims 1 0 to 1 5, characterised in that 

the display means comprises a colour liquid crystal 
matrix display panel having an array of colour filter 
elements associated with the display element array. 

10 

Patentanspruche 

1. Autostereoskopische Wiedergabeanordnung mit 
Wiedergabemitteln (10), die eine Anordnung von 

15 Wiedergabeelementen (12) aufweisen, die in Rei- 
hen und Spalten gegliedert sind, wobei die Spalten 
sich im Wesentlichen senkrecht zu den Reihen er- 
strecken, wobei die Wiedergabemittel einen Wie- 
dergabeausgang liefern mit Wiedergabepixein, die 

20 den Wiedergabeelementen entsprechen, und wo- 
bei eine Anordnung (15) langlicher Linsenelemente 
(16), die sich parallel zueinander erstrecken, uber 
die Wiedergabepixelanordnung liegt und durch die 
hindurch die Wiedergabepixel gesehen werden, 

25 dadurch gel^ennzeichnet, dass die Linsenele- 
mente (16) in einem Winkel zu den Wiedergabepi- 
xelspalten versetzt liegen, damit sich wiederholen- 
de Gruppen von Wiedergabeelementen definiert 
werden, wobei jede der Gruppen durch benachbar- 

30 te Wiedergabepixel in r aneinander grenzenden 
Reihen gebildet werden, wobei r eine Zahl groBer 
als eins ist und wobei der Neigungswinkel der Lin- 
senelemente im Wesentlichen gleich tan-''(Hp/(Vp. 
r)) ist, wobei Hp und Vp die Mittenabstande der Wie- 

35 dergabepixel in der Reihen- bzw. Spaltenrichtung 
sind. 

2. Autostereoskopische Wiedergabeanordnung nach 
Anspruch 1, dadurch gekennzeichnet, dass die 

40 Anordnung (15) von Linsenelementen uber die Aus- 
gangsseite der Anordnung von Wiedergabe- 
elementen (12) vorgesehen ist 

3. Autostereoskopische Wiedergabeanordnung nach 
45 Anspruch 1, dadurch gekennzeichnet, dass die 

Anordnung eine Projektionslinse (30) umfasst zum 
Projizieren der Bilder der Wiedergabeelemente 
(1 2) auf einen Wiedergabeschirm (32) und dass die 
Anordnung von Linsenelementen uber die Sichtsei- 
50 te des Wiedergabeschirms vorgesehen ist. 

4. Autostereoskopische Wiedergabeanordnung nach 
einem der Anspruche 1 bis 3, dadurch gekenn- 
zeichnet, dass die Wiedergabeelemente der Wie- 

55 dergabemittel Flussigkristall-Wiedergabeelemente 
enthalten. 

5. Autostereoskopische Wiedergabeanordnung nach 
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einem der vorstehenden Anspruche, dadurch ge- 
kennzeichnet, dass die Zahl r gleich 2 ist. 

6. Autostereoskopische Wiedergabeanordnung nach 
einem der vorstehenden Anspruche, dadurch ge- 
kennzeichnet, dass der IVlittenabstand der Linsen- 
elemente wenigstens dam 1,5faclien IVlittenab- 
stand der Wiedergabepixel in der Reihenrichtung 
entspricht. 

7. Autostereoskopische Wiedergabeanordnung nach 
Anspruch 6, dadurch gekennzeichnet, dass der 

Mittenabstand der Linsenelemente dem 2,5fachen 
Mittenabstand der Wiedergabepixel in der Reihen- 
richtung entspricht. 

8. Autostereoskopische Wiedergabeanordnung nach 
Anspruch 6, dadurch gekennzeichnet, dass der 
IVlittenabstand der Linsenelemente dem 3,5fachen 
IVlittenabstand der Wiedergabepixel in der Reihen- 
richtung entspricht. 

9. Autostereoskopische Wiedergabeanordnung nach 
einem der vorstehenden Anspruche, dadurch ge- 
kennzeichnet, dass die Linsenelemente einen 
Querschnitt haben, der ein Tell eines Kreises ist. 

10. Autostereoskopische Wiedergabeanordnung nach 
einem der vorstehenden Anspruche, dadurch ge- 
kennzeichnet, dass die Wiedergabemittel Farb- 
wiedergabemittel aufweisen, in denen verschiede- 
ne Wiedergabeelemente und deren entsprechende 
Wiedergabepixel von verschiedenen Farben sind. 

11. Autostereoskopische Wiedergabeanordnung nach 
Anspruch 10, dadurch gekennzeichnet, dass die 
Farbwiedergabepixel der Anordnung als Farbpixel- 
triplets gegliedert sind, die je ein rotes, grunes und 
blaues Wiedergabepixel mit einer Delta-Konfigura- 
tion haben. 

12. Autostereoskopische Wiedergabeanordnung nach 
Anspruch 10, dadurch gekennzeichnet, dass die 

Wiedergabepixel in einer Reihe von derselben Far- 
be sind und drei benachbarte Reihen Wiedergabe- 
pixel je eine betreffende und eine andere Farbe der 
drei Primarfarben wiedergeben. 

13. Autostereoskopische Wiedergabeanordnung nach 
Anspruch 12, dadurch gekennzeichnet, dass die 
Sequenz der Farben der drei benachbarten Reihen 
mit Pixein in alien Reihen mit Pixein in der Anord- 
nung wiederholt wird. 

14. Autostereoskopische Wiedergabeanordnung nach 
Anspruch 10, dadurch gekennzeichnet, dass die 

Wiedergabepixel, die wenigstens zu einem wesent- 
lichen Teil unterhalb eines betreffenden Linsenele- 



mentes liegen, von derselben Farbe sind und die 
Wiedergabepixel, die mit jedem der drei benach- 
barten Linsenelemente assoziiert sind, von einer 
betreffenden und einer anderen Farbe der drei Pri- 
5 marfarben sind. 

15. Autostereoskopische Wiedergabeanordnung nach 
Anspruch 14, dadurch gekennzeichnet, dass die 

Sequenz von Farben, assoziiert mit den drei be- 
10 nachbarten Linsenelementen, fur alle Linsenele- 
mente uber die Wiedergabepixelanordnung wieder- 
holt wird. 

16. Autostereoskopische Wiedergabeanordnung nach 
15 einem der Anspruche 1 0 bis 1 5, dadurch gekenn- 
zeichnet, dass die Wiedergabemittel eine Farb- 
Flussigkristall-Matrixwiedergabeplatte mit einer 
Anordnung von Farbfilterelementen aufweisen, die 
mit der Wiedergabeelementanordnung assoziiert 

20 ist. 



Revendications 

25 1. Appareil d'affichage autostereoscopique compre- 

nant un moyen d'affichage (10) comprenant un 
groupement d'elements d'affichage (12) agences 
dans des rangees et des colonnes sensiblement 
perpendiculaires aux rangees, le moyen d'affichage 

30 pouvant fonctionner pour produire une sortie d'affi- 
chage comprenant des pixels d'affichage corres- 
pondant aux elements d'affichage, et un groupe- 
ment (15) d'elements lenticulaires allonges (16) 
s'etendant parallelement les uns par rapport aux 

35 autres recouvrant le groupement de pixels d'affi- 
chage et a travers lesquels les pixels d'affichage 
sont observes, caracterise en ce que les elements 
lenticulaires (16) sont inclines en formant un angle 
par rapport aux colonnes de pixels d'affichage de 

40 maniere a definir des groupes repetes de pixels 
d'affichage, chaque groupe etant constitue de 
pixels d'affichage adjacents dans r rangees adja- 
centes, ou r est un nombre superieur a un et Tangle 
d'inclinaison des elements lenticulaires est sensi- 

45 blement egal a tan""" (Hp/(Vp.r)), ou Hp et Vp sont les 
pas des pixels d'affichage respectivement dans les 
directions de rangee et de colonne. 

2. Appareil d'affichage autostereoscopique suivant la 
50 revendication 1 , caracterise en ce que le groupe- 
ment (15) d'elements lenticulaires est dispose au- 
dessus du cote de sortie du groupement d'elements 
d'affichage (12). 

55 3. Appareil d'affichage autostereoscopique suivant la 
revendication 1, caracterise en ce que I'appareil 
comprend une lentille de projection (30) pour pro- 
jeter les images des elements d'affichage (12) sur 
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50 
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un ecran d'affichage (32) et en ce que le groupe- 
ment d'elements lenticulaires est dispose sur le co- 
te d'observation de Tecran d'affichage. 

4. Appareil d'affichage autostereoscopique suivant 5 
I'une quelconque des revendications 1 a 3, carac- 
terise en ce que les elements d'affichage du 
moyen d'affichage comprennent des elements d'af- 
fichage a cristaux liquides. 

10 

5. Appareil d'affichage autostereoscopique suivant 
I'une quelconque des revendications precedentes, 
caracterise en ce que le nombre r est egal a 2. 

6. Appareil d'affichage autostereoscopique suivant 15 
I'une quelconque des revendications precedentes, 
caracterise en ce que le pas des elements lenti- 
culaires est au moins 1 ,5 fois le pas des pixels d'af- 
fichage dans la direction de rangee. 

20 

7. Appareil d'affichage autostereoscopique suivant la 
revendication 6, caracterise en ce que le pas des 

elements lenticulaires est au moins 2,5 fois le pas 
des pixels d'affichage dans la direction de rangee. 

25 

8. Appareil d'affichage autostereoscopique suivant la 
revendication 6, caracterise en ce que le pas des 
elements lenticulaires est au moins 3,5 fois le pas 
des pixels d'affichage dans la direction de rangee. 

30 

9. Appareil d'affichage autostereoscopique suivant 
I'une quelconque des revendications precedentes, 
caracterise en ce que les elements lenticulaires 
presentent une section transversale qui fait partie 
d'un cercle. 35 



13. Appareil d'affichage autostereoscopique suivant la 
revendication 1 2, caracterise en ce que la sequen- 
ce des couleurs des trois rangees adjacentes de 
pixels est repetee dans toutes les rangees de pixels 
du groupement. 

14. Appareil d'affichage autostereoscopique suivant la 
revendication 1 0, caracterise en ce que les pixels 
d'affichage sous-jacents, au moins dans une mesu- 
re substantielle, a un element lenticulaire respectif 
sont de la meme couleur et les pixels d'affichage 
associes a chacun de trois elements lenticulaires 
adjacents sont d'une couleur respective et differen- 
te des trois couleurs primaires. 

15. Appareil d'affichage autostereoscopique suivant la 
revendication 1 4, caracterise en ce que la sequen- 
ce de couleurs associees aux trois elements lenti- 
culaires adjacents est repetee pour tous les ele- 
ments lenticulaires au-dessus du groupement de 
pixels d'affichage. 

16. Appareil d'affichage autostereoscopique suivant 
I'une quelconque des revendications 10 a 15, ca- 
racterise en ce que le moyen d'affichage com- 
prend un panneau d'affichage matriciel a cristaux 
liquides couleur comprenant un groupement d'ele- 
ments de filtre de couleur associe au groupement 
d'elements d'affichage. 



10. Appareil d'affichage autostereoscopique suivant 
I'une quelconque des revendications precedentes, 
caracterise en ce que le moyen d'affichage com- 
prend un moyen d'affichage couleur dans lequel 40 
des elements d'affichage differents et leurs pixels 
d'affichage correspondants sont de couleurs diffe- 
rentes. 



11. Appareil d'affichage autostereoscopique suivant la ^5 
revendication 1 0, caracterise en ce que les pixels 
d'affichage de couleur du groupement sont agen- 
ces sous la forme de triplets de pixels de couleur, 
comprenant chacun un pixel d'affichage rouge, vert 

et bleu, presentant une configuration en triangle. 50 

12. Appareil d'affichage autostereoscopique suivant la 
revendication 10, caracterise en ce que les pixels 
d'affichage dans une rangee sont de la meme cou- 
leur et trois rangees adjacentes de pixels d'afficha- 55 
ge affichent chacune une couleur differente et res- 
pective des trois couleurs primaires. 
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FIG. 5B 
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